In this paper, the simulator of an on-line monitoring system for the range extender electric vehicle has been developed. The messages from the four control modules, the air pressure and fuel level sensors data, and the on/off switching states of 31 indicator lamps can be received through the control area network (CAN), and displayed on the graphic panel. The simulator was designed using the four DSP boards, variable resistors, and toggle switches instead of the four control modules, sensors, and switching state of indicator lamps on an actual series hybrid electric vehicle (SHEV) bus, respectively. The performance of the monitoring technologies was verified with the simulator at the laboratory, and then it was tested on an actual SHEV bus. The simulator is very useful at the initial development of the monitoring system at the hybrid-type or electrical vehicles.
I. INTRODUCTION
The battery-power electric vehicles possess some advantages over conventional internal combustion engine (ICE) vehicles, such as high energy efficiency and zero environmental pollution. However, the operation range per battery charge is far less competitive than that of ICE vehicles, due to the low energy content of the batteries. The hybrid electric vehicles (HEVs) which are powered by both an electric motor and an ICE, reduce emission and increase the fuel efficiency of the vehicles. The HEV can be classified into two types : series hybrid and parallel hybrid.
The drawbacks of the series HEV (SHEV) over parallel types are the requirements of two electrical machines and the large dimensions required for the traction motor, in addition to the losses incurred during the conversion of mechanical to electrical energy. On the other hand, the engine attached to an electric generator provides a highly efficient source of energy to charge the vehicle battery. The engine is fully decoupled from the driven wheel and can operate at the most optimum region of the engine power-speed characteristics [1] , [2] . The series hybrid system is easier to build and does not require a transmission. In case of the heavy duty vehicles such as a bus, the SHEV is more suitable for the frequent stop-and-go driving at urban routine. A growing number of companies are developing and beginning to supply commercial series hybridelectric drive products to the bus markets.
The driving range can be extended using an ICE to turn a generator and recharge the vehicle batteries. Therefore, the SHEV is suited for use in a range extender EV. The control design methods of an optimized ICE fueled by the hydrogen or gasoline in a series-hybrid power-train configuration for the driving range extender are suggested [3] - [5] . The power flow management algorithm for the SHEV composed of the engine-generator and battery bank in order to satisfy the required power for the propulsion system while keeping fuel consumption and vehicle emissions as low as possible is presented [6] - [9] . In the exiting papers related to SHEVs, studies are mostly concentrated on designing the optimal energy management strategies with the consideration of the battery state-of-charge (SOC).
The monitoring technologies are necessary for the optimal operation of the power-train in the SHEV and timely detection of abnormal conditions during the initial development of hybrid technologies to preclude lack of knowledge from causing program failure. However, the monitoring systems at the EV are only applied to estimate the SOC of the battery pack by monitoring the battery voltage, current and temperature through the network [10] , [11] .
This paper develops the simulator of the on-line monitoring system for the control area network (CAN) messages communicated with control modules in the SHEV bus. In addition, it can indicate all sensor gauges and the operating state of a set of indicator lamps. The performance of the monitoring system can be easily investigated by using the simulator before applying it to the actual range extender EV bus. It can save both the cost and time on development.
II. NETWORK STRUCTURE A. Structure of the SHEV Bus
In the SHEV, many electrical modules are functionally interconnected as shown in Fig. 1 . In this scheme, the ICE power controlled by an engine control unit (ECU) is converted to dc electric power with the help of an ac generator, ac-to-dc converter, and generator set unit (GENSET).
The battery power is fed to an induction motor through a dcto-ac converter controlled by a control electronics unit (CEU), which drives the wheels. The vehicle's battery pack consists of 28 lead-acid batteries with a nominal voltage of 12V connected in series. The charge/discharge strategy for the battery pack is accomplished via the battery management system (BMS). The four control modules are connected through the CAN bus for communicating their messages. A graphic panel is used to monitor the CAN messages received from the four modules, and indicate additionally all sensor gauges and the switching state of a set of indicator lamps.
B. Data Messages in SHEV Bus
The CAN is used for real-time communication between the four control modules and a host DSP. The CAN was originally developed to support low cost simple automotive applications, because of its performances and economic feasibility [13] , [14] . The J1939 is specified as the CAN protocol, designed to support real-time control functions between electronic control devices which may be distributed throughout the heavy-duty vehicle such as the buses and trucks. Most messages defined by the J1939 standard are intended to be broadcast. The J1939 uses a 29-bit identifier defined within the CAN 2.0B protocol, as shown in Fig. 2 .
The first three bits of the identifier are used for controlling a message's priority during the arbitration process. At the SHEV bus, all messages of the four control modules have the identical priority. The next bit of the identifier is reserved for future use and should be set to a value of zero (0) for transmitted messages. The next bit in the identifier is the data page selector. This bit expands the number of possible Parameter Groups that can be represented by the identifier. The PDU format (PF) determines whether the message can be transmitted with a destination address or the message is always transmitted as a broadcast message. As the message can only be broadcast if the PF is between 240 and 255, the field PF of four control modules in the SHEV is determined as 255 or 254 for broadcast messages. The PDU specific (PS) field is used as a message number. Thus, the PS fields of 13 messages of CEU, GENSET, and BMS modules are determined to the range from 0 to 12, and the PS fields of the three messages of the engine ECU are assigned as 238, 239, and 246.
The contents of the messages of each control module are shown in Table I , where some useful data can only be received from the engine ECU, as the engine ECU has many messages. The data transmission rate of the J1939 is 250kbps, and a typical message containing eight data bytes and 29 bit identifier is 128 bits long. The four control modules transmit their messages independently to a CAN network on every 100msec or 200msec. The monitoring system receives the messages through the CAN, and then displays the data in the messages on the graphic panel.
III. SENSOR GAUGES AND INDICATOR LAMPS
The monitoring system indicates the front/rear brake air pressure gauges, fuel level gauge, oil pressure gauge, and switching state for 31 indicator lamps located on the dashboard display in a conventional bus. The characteristics of the fuel level sensor with a negative level coefficient is provided in Fig. 4 . As the diesel fuel level The measurement circuit for both sensors is shown in Fig.  5 . A pull-up resistor is connected in series to the sensor. After amplifying an analog measured signal taken from the midpoint lying between the resistor and the sensor, it is sent to the 12-bit analog/digital converter embedded in the DSP. The resistance of the sensors is converted into a digital value using the measurement circuit and A/D converter, and the pin points of needle in the circular gauge are calculated by using a curve fitting function of the Matlab program. Fig. 6 (a) and (b) show the real and fitted angles at the circular gauge as a function of the digital value of the A/D converter for both sensors, respectively. It can be seen that the fitted angle is nearly the same as the real angle for both sensors. The oil pressure gauge is adjusted by the date received from the engine ECU through CAN.
A. Sensor Gauges

B. Indicator Lamps
The indicator system is used to communicate the driver's intentions to the external environment around the vehicle and generate various warning signals compatible with the operating situations and conditions of the SHEV bus. At the SHEV bus, 31 indicator signals are available, and the monitoring system can indicate on/off state for all indicator lamps. The indicator signals are of two types: active-high signals, active- When the control signal is activated at the measurement circuit for an active-high signal as shown in Fig. 7(a) , the output terminal voltage becomes +24V, which is an auxiliary battery voltage. The voltage level of the signals must be reduced to 3.3V with the voltage divider, and then the on/off state of indicator lamps can be read through the I/O ports in the DSP. At the measurement circuit for the active-low signal as shown in Fig. 7(b) , the switch terminal is tied to +3.3V through a pull-up resistor for limiting the voltage level to 3.3V.
The toggle switch is used at the simulator instead of a magnetic relay, the switching state of which is controlled by a control signal. As the SHEV has 21 active-high indicator signals and 10 active-low signals, the simulator has 31 toggle switches. 
IV. CONFIGURATION OF THE SIMULATOR
A simulator for the monitoring system is implemented by 32-bit DSP type TMS320F2812 operating with a clock frequency of 150MHz. It provides the 16 channels 12-bit A/D converter, 56 general purpose I/O pins, CAN 2.0B controller, flash memory, and so on. Fig. 8 shows the hardware configuration of the simulator using the 32-bit DSP. The variable resistors are used at the simulator for adjusting the sensor data instead of the actual sensors, and the toggle switches are used for changing the on/off state, instead of a magnetic relay. The four DSP boards act as four control modules, where each DSP board transmit the same messages as its control module to the CAN bus.
The host DSP receives data through the CAN controller, A/D converter, and I/O port and transmits the data sequentially to the graphic panel through an RS-485 serial port. The flowchart of the system software is shown in Fig. 9 . Whenever a CAN receiver interrupt is generated, the message can be received from the control modules. The measured values of the variable resistors acted as the front/rear air brake sensors and the fuel level sensor are received through the A/D converter on every 100usec. The pin points of the needles in the circular gauges are calculated, where the average value of measured sensor data for two seconds is used for avoiding the rapid oscillation of needles. The on/off switching states of the toggle switches can be obtained from I/O ports on every 100msec.
The packages are constructed with the data frame structure required from a graphic panel as shown in Fig. 10 . The structure of the data frame at the graphic panel is as follows.
• 'ESC' : Start of frame code V. TESTING RESULTS FOR THE SHEV BUS Fig. 11 shows the photograph of the simulator, which consists of the host DSP board, four DSP boards, 31 toggle switches, three variable resistors for the front/rear brake air pressure sensors and fuel level sensor, and the graphic panel. Fig. 12 shows the main screen of the graphic panel, which indicates four gauges (front/rear brake air gauges, fuel level gauge, and engine oil pressure gauge), on/off states of all indicator lamps, vehicle speed, and SOC of the battery pack. There are four icons at the bottom section of the main screen. Three icons such as CEU, BMS, GENSET/ECU are used for monitoring the data of the messages received from the four control modules. 13 shows the CEU screen of the graphic panel when the 'CEU' menu is selected. The battery voltage/ current/power, motor speed/current, charger input voltage/current/power, temperatures of the motor drive system, and fault/status conditions of the CEU can be investigated. Fig. 14 shows the BMS screen, where the power/current/ voltage of the battery pack, average/maximum/ minimum of the battery voltage, average/maximum/minimum of the battery temperature can be monitored. Also shown is which battery has the minimum voltage or maximum voltage. Fig. 15 shows the GEMSET/ECU screen, where the fault conditions, operating status, and various parameters in both the GENSET and Engine ECU modules can be investigated. A menu 'LOGGING' is used to record some parameters for a long time for investigation.
After the performance of the monitoring system of the range extender EV bus is verified with the simulator at the laboratory, it is mounted and tested on an actual SHEV bus made by the Hyundai Heavy Industries Company as shown in Fig. 16 .
VI. CONCLUSIONS
In this paper, the simulator of the on-line monitoring system for the range extender EV bus has been developed. The simulator was designed using the four DSP boards, variable resistors, and toggle switches instead of the four control modules, sensors, and switching state of indicator lamps at the SHEV bus, respectively. At the simulator, the messages from the four DSP boards (GENSET, CEU, BMS, and Engine ECU), data of three sensors, and the on/off switching states of 31 toggle switches can be received through the CAN, and displayed on the touch panel. After the performance of the monitoring system of the range extender EV bus was verified with the simulator at the laboratory, it was mounted and tested on an actual SHEV bus. The simulator is very useful at the initial development of the monitoring system at the hybridtype or electrical vehicles, because it is easy to investigate and revise abnormal operation of the monitoring system. 
